The long-slit spectra obtained along the minor axis, offset major axis and diagonal axis are presented for 12 E and S0 galaxies of the Coma cluster drawn from a magnitude-limited sample studied before. The rotation curves, velocity dispersion profiles and the H 3 and H 4 coefficients of the Hermite decomposition of the line of sight velocity distribution are derived. The radial profiles of the Hβ, Mg, and Fe line strength indices are measured too. In addition, the surface photometry of the central regions of a subsample of 4 galaxies recently obtained with Hubble Space Telescope is presented. The data will be used to construct dynamical models of the galaxies and study their stellar populations.
Introduction
This is the fourth of a series of papers aimed at investigating the stellar populations and the kinematics of early-type galaxies in the Coma Cluster. Spanning about 4 dex in the observed radial variation of the surface density of cluster members (e.g. Kent & Gunn 1982) , the Coma Cluster is the ideal place to investigate these galaxy properties as a function of the environmental density in order to test the theories for galaxy formation and evolution.
The sample of 35 E and S0 galaxies of the Coma Cluster is presented in the first paper of the series (Mehlert et al. 2000 , hereafter Paper I) along with the photometry and longslit spectroscopy along their major axis. From these spectra the rotation curves, velocity dispersion profiles and the H 3 and H 4 coefficients of the Hermite decomposition of the lineof-sight velocity distribution (LOSVD) were measured out to 1-3 effective radii with high signal-to-noise ratio (S/N). Moreover, the radial profiles of the Hβ Mg, and Fe line strength indices were measured too. Subsequently, the spectroscopic database was complemented with the long-slit spectra obtained along the minor axis, an offset axis parallel to the major one and one diagonal axis for 10 objects (Wegner et al. 2002, hereafter Paper II) .
The central values and major-axis logarithmic gradients for the line strength indices were derived by Mehlert et al. (2003, hereafter Paper III) . This allowed the estimation of the average ages, metallicities and [α/Fe] ratios in the center and at the effective radius by using stellar population models with variable element abundance ratios from Thomas et al. (2003) . There is a dichotomy among the population of S0 galaxies. Some of them are dominated by old stellar populations and are indistinguishable from E galaxies. The remaining ones host very young stellar populations; hence they must have experienced relatively recent star formation episodes. Most massive galaxies had the shortest star formation timescales and were the first to form. The absence of age gradients implies that the stellar populations at different radii formed at a common epoch. The [α/Fe] enhancement is not restricted to galaxy centers but it is a global phenomenon. Finally, negative metallicity gradients were measured to be significantly flatter than what is expected from gaseous monolithic collapse models. This suggests the importance of mergers in the galaxy formation history.
Here the spectroscopic database of Paper I and II is completed with the long-slit spectra obtained along the minor axis, offset major axis and one diagonal axis for another 12 objects. As done in Paper II, these galaxies were selected from the sample of Paper I as the objects with the most extended and precise major-axis kinematics and therefore best-suited for dynamical modelling, balancing between the number of E and S0 galaxies. Moreover, the surface photometry of the central regions of a subsample of 4 galaxies recently obtained with Hubble Space Telescope (HST) is presented.
The data shown here and in Paper I will allow the study of the stellar population gradients for a large number of early-type galaxies (Thomas et al. 2008) in order to investigate possible systematic differences between the disk and bulge components of S0 galaxies. The photometric and kinematic data of the combined dataset allowed the construction of dynamical models of the objects to study the properties of the dark matter halos of flattened and rotating E and S0 galaxies (Thomas et al. 2005 (Thomas et al. , 2007 . In fact, the implementation of Schwarzschild's orbit superposition technique for axisymmetric potentials by Thomas et al. (2004) was used to derive the stellar mass-to-light ratios and dark matter halo parameters for a subsample of 17 galaxies. About 10-50 percent of the mass inside the effective radius is dark with a central density which is at least one order of magnitude lower than the luminous mass density. The orbital system of the stars is reasonably close to isotropy, but the distribution function shows a lot of fine structure. This study was complementary to the one presented by Gerhard et al. (2001) focusing on round and non-rotating ellipticals. The HST photometry is described in Sect. 2. The spectroscopic galaxy sample, relative observations and data reduction are described in Sect. 3. The measured stellar kinematics, and line indices are given in Sect. 4. Conclusions are drawn in Sect. 5.
HST photometry
As part of the HST Proposal 10884 (P.I. G. Wegner), the galaxies GMP 0756, GMP 1176 , GMP 1990 , and GMP2440 were observed with Wide Field Planetary Camera 2 (WFPC2) on board the HST on 18-24 April 2007. For each galaxy two 300-sec exposures were taken with the filter F622W. All exposures were performed with the telescope guiding in fine lock, which typically gave an rms tracking error of 0.003 arcsec. The centers of the galaxies were positioned on the Planetary Camera chip (PC) in order to get the best possible spatial resolution. This consists of 800 × 800 pixels of 0.0455 × 0.0455 arcsec 2 each, yielding a field of view of about 36 × 36 arcsec 2 .
In the following we limit our photometric analysis to the PC chip, since we match the nuclear surface brightness profiles to available radially extended ground-based photometry.
The images were reduced using the standard reduction pipeline maintained by the Space Telescope Science Institute. Reduction steps include bias subtraction, dark current subtraction, and flat-fielding and are described in detail in Holtzman et al. (1995) The isophotal profiles of the galaxies were analyzed by fitting the isophotes with ellipses following the prescriptions by Bender & Möllenhoff (1987) . Foreground stars, cosmic rays, bad pixels, etc., were masked before fitting. Moreover, the centers of ellipses were allowed to vary. As a first step, the skybackground was measured at the outer edges of the chip. Its final value was determined through the matching of the ground-based photometry (see below). A prominent dust lane present at the center of GMP 2440 was masked before performing the isophote analysis. Nevertheless deviations from axisymmetric isophotes are present at the level of 2%. A dust lane is also visible near the center of GMP 1990, causing the center coordinates to drift along the minor axis away from the dust lane and deviations from axisymmetric isophotes at the level of 2%. Since masking the region affected by dust does not eliminate the drift or change the surface photometry, we give in Figure 1 and Table 1 the results of the isophotal shape analysis obtained without masking the dusty regions. The surface photometry was calibrated in the R band by matching the profiles given by Jørgensen et al. (1995) for GMP 2440 and by Paper I for the other three objects. The matching of the surface brightness was performed between 5 and 15 arcsec by determinig the zero-point and sky value that minimize the square surface brightness flux differences. It gives rms of 0.01 mag for GMP 0756, 0.066 mag for GMP 1990, 0.08 mag for GMP 1176 and GMP 5568. To perform a consistency check between measurements of stellar kinematics and line strength indices of different observing runs, diagonal-axis spectra of GMP 4928 were obtained in both run 2 and 3 and minor-axis spectra of GMP 5568 were taken in both run 2 and 5. In addition, spectra along the minor axis of GMP 0144 were taken to be compared with measurements of Paper II. Typical integration time of galaxy spectra was 3600 s. Total integration times and slit position angle of the galaxy spectra as well as the log of the spectroscopic observations are given in Table 3 . At the beginning of each exposure the galaxy was centered on the slit either using acquisition images with HET or the guiding camera with the 2.4-m Hiltner telescope which looks onto the slit.
In each run several spectra of giant stars with spectral type ranging from late-G to early-K were obtained to be used as template in measuring stellar kinematics and line strength indices. The template stars were selected from Faber et al. (1985) and González (1993) . Additionally, we observed at least one flux standard star per night to calibrate the flux of the spectra before line indices were measured. Spectra of the comparison arc lamp were taken before and/or after object exposures (MDM) or at the end of the night (HET) to allow an accurate wavelength calibration.
All the spectra were bias subtracted, flatfield corrected, cleaned of cosmic rays, corrected for bad columns and wavelength calibrated using standard IRAF 1 routines. The flatfield correction was performed by means of quartz lamp spectra in runs 1 and 4, of both quartz lamp and twilight sky spectra in runs 2,3, and 5. They were normalized and divided into all the spectra, to correct for pixel-to-pixel sensitivity variations and large-scale illumination patterns due to slit vignetting. Cosmic rays were identified and corrected by interpolating over as in Bender et al. (1994) . The residual cosmic rays were corrected by manually editing the spectra. Each spectrum was rebinned using the wavelength solution obtained from the corresponding arc-lamp spectrum. We checked that the wavelength rebinning had been done properly by measuring the difference between the measured and predicted wavelengths for the emission lines in the comparion arc lamp spectra. The rms of the wavelength solution is ∼ 0.10Å in run 1, ∼ 0.06Å in runs 2, 3, and 5, and ∼ 0.36Å in run 4. They correspond to ∼ 6, 3, and 21 km s −1 at 5170Å (i.e., the wavelength of the Mg I absorption triplet), respectively. Systematic errors of the absolute wavelength calibration (≤ 10 km s −1 ) were estimated by measuring the difference between the measured and predicted wavelengths Osterbrock et al. (1996) for the brightest night-sky emission lines in the observed spectral range. The instrumental resolution in each run was derived as the mean of the Gaussian FWHMs measured for a number of unblended arc-lamp lines which were distributed over the whole spectral range of a wavelength-calibrated spectrum. The mean FWHM of the arclamp lines and the corresponding instrumental resolution derived at 5170Å is given in Table  4 . In galaxy and stellar spectra the contribution of the sky was determined by interpolating along the outermost 10-30 arcsec at the two edges of the slit, where the galaxy or stellar light was negligible, and then subtracted. A sky subtraction better than 1% was achieved. All the spectra were corrected for CCD misalignment following Bender et al. (1994) . The spectra obtained for the same galaxy along the same axis were coadded using the center of the stellar continuum as reference. This allowed improving the S/N of the resulting two-dimensional spectrum. A one-dimensional spectrum was obtained for each kinematical template star as well as for each flux standard star. The spectra of the kinematical Licksystem templates were deredshifted to laboratory wavelengths. The FWHM of the point spread function (PSF) due to seeing and instrumental set-up is given in Tab. 3 for the coadded galaxy spectra. It was estimated by comparing the surface-brightness radial profile obtained from each spectrum with the corresponding one extracted from the HST/WFPC2 R−band image of the galaxy. All the profiles are presented in Thomas et al. (2007) . Slit width and orientation and WFPC2 PSF were taken into account. The low S/N in the outskirts of the WFPC2 image of GMP 5568 did not allowed to extract a reliable surfacebrightness profile to be compared to that of farthest offset spectrum the galaxy. The FWHM of this spectrum was derived by interpolating the values of the spectra obtained before and after it. The same is true for the spectra of GMP 3414 and GMP 4822, for which no image was available in the HST Science Archive.
Results

Stellar kinematics
The stellar kinematics was measured from the galaxy absorption features present in the wavelength range and centered on the Mg I line triplet (λλ 5164, 5173, 5184Å) by applying the Fourier Correlation Quotient method (Bender 1990 ) as done by Bender et al. (1994) .
The spectra were rebinned along the dispersion direction to natural logarithmic scale, and along the spatial direction to obtain a nearly constant S/N ≥ 20 per resolution element. In few spectra the S/N decreases to ∼ 10 at the outermost radii. The galaxy continuum was removed row-by-row by fitting a fourth to sixth order polynomial. The quality of the final spectrum depends on resulting S/N. In Fig. 3 we show example of central spectra covering the 3 quality classes listed in Table 3 . The quality parameter is 1 for S/N ≥ 100, 2 for 50 ≤ S/N < 100, 3 for 20 ≤ S/N ≤ 50.
To measure the stellar kinematics of the sample galaxies we adopted HR 6817 (K1III) as kinematical template for run 1, HR 6018 (K1III) for run 2, and HR 3427 (K0III) for runs 3-5. We derived for each galaxy spectrum the line-of-sight velocity distribution (LOSVD) along the slit and measured its moments, namely the line-of-sight radial velocity v, velocity dispersion σ and values of the coefficients H 3 and H 4 . At each radius, they have been derived by fitting the LOSVD with a Gaussian plus third-and fourth-order Gauss-Hermite polynomials H 3 and H 4 , which describe the asymmetric and symmetric deviations of the LOSVD from a pure Gaussian profile (van der Marel & Franx 1993; Gerhard 1993) . Errors on the LOSVD moments were derived from photon statistics and CCD read-out noise, calibrating them by Monte Carlo simulations as done by Bender et al. (1994) . In general, errors are in the range of 3-10 km s −1 for v and σ, and of 0.01-0.04 for H 3 and H 4 , becoming larger in the outer parts of some galaxies where for 10 S/N < 20. The largest errors are observed for offset spectra of GMP 2417, GMP 3414, and GMP 5568 with S/N ≈ 20. These errors do not take into account possible systematic effects due to template mismatch or the presence of dust and/or faint emission. The measured stellar kinematics is reported in Table 5 and plotted in Fig. 4 , where profiles folded with respect to, and velocities relative to the galaxy centers are given. Fig. 5 shows the comparison between the measurements of v, σ, H 3 , and H 4 along the minor axis of GMP 0144 obtained here and measurements of Paper II. There is a significant difference in velocity dispersions within 3 arcsec, that can be only partially attributed to the different instrumental set-up and seeing of the observing runs. The same is true for the velocity dispersion observed along the diagonal (Fig. 4) and major axis (Paper I). A likely explanation for the mismatch is that GMP 0144 deviates significantly from axisymmetry near its center and hosts a dynamically hot, decoupled component (Thomas 2006; Thomas et al. 2007) . Further observational support for this comes from the relatively large side-to-side asymmetries in all the measured slits and the strong isophotal twist (∼ 30
• ) measured in the very center from HST/WFPC2 imaging (Paper I).
The multiple observations of GMP 4928 and GMP 5568 agree within the errors.
Line strength indices
We measured the Mg, Fe, and Hβ line strength indices following Faber et al. (1985) and Worthey et al. (1994) from flux calibrated spectra, as done in Paper I and II. Spectra were rebinned in dispersion direction as well as in radial direction as before. We indicate the average Iron index with Fe = (Fe 5270 +Fe 5335 )/2 (Gorgas et al. 1990 ) and the usual combined Magnesium-Iron index with [MgFe] = Mgb Fe (González 1993) . We corrected all the measured indices for velocity dispersion broadening and calibrated our measurements to the Lick system using stars from Worthey et al. (1994) (Fig. 6) . No zero-point correction was applied since data did not show offset with respect to the Lick system. No focus correction was applied because atmospheric seeing was the dominant effect during observations (see Mehlert et al. 1998 for details). Errors on indices were derived from photon statistics and CCD read-out noise, and calibrated by means of Monte Carlo simulations.
The strongest emission feature in the observed spectral range is the [O III]5007Å emission line. It falls on top the Fe 5015 Iron index which we neglected and it is connected to Hβ emission line (Osterbrock 1989) . By adopting the index definition by González (1993) the equivalent width of the [O III]5007Å emission line fell below the detection limit in all but few of the spectra, namely those obtained along the minor axis of GMP 2921, GMP 3329, and GMP 4822, and along the diagonal axis of GMP 2440 and GMP 4928. Even in these spectra the [O III]5007Å equivalent width was 0.5Å. This would correspond to a correction 0.3 A for the equivalent width of Hβ. Since it is typically smaller than the statistical errors on Hβ measurements, no correction for emission was applied.
The measured values of Hβ, [MgFe] , Fe , Mgb, and Mg 2 are listed in Table 6 and plotted in Fig. 4 . 
Conclusions
New radially resolved spectroscopy of 12 E and S0 galaxies of the Coma cluster was presented. The rotation curves, velocity dispersion profiles and the H 3 and H 4 coefficients of the Hermite decomposition of the line-of-sight velocity distribution were derived along the minor axis, offset major axis and one diagonal direction. Moreover, the line strength index profiles of Mg, Fe and Hβ line indices were measured too. In addition, the surface photometry of the central regions of a subsample of 4 galaxies recently obtained with HST/WFPC2 was presented.
The data complement the existing set (Paper I, Paper II) and have a precision and radial extent sufficient to construct flattened and rotating dynamical models of the galaxies and study their radially resolved stellar populations. Other papers address these issues (Paper III, Thomas et al. 2005 Thomas et al. , 2007 This preprint was prepared with the AAS L A T E X macros v5.2. Note. -Col. 1: GMP No. from Godwin, Metcalfe & Peach (1983) . Col. 2: Observing run. Col. 3: Slit position angle measured North through East. Col. 4: Slit position. MJ = major axis; MJ = parallel to major axis; MN = minor axis; DG = diagonal axis. Col. 5: Northward/soutward offset of the slit with respect to galaxy center. Col. 6: Number and exposure time of the single exposures. Col. 7: Total exposure time. Col. 8: FWHM of the seeing and instrumental PSF of the resulting spectrum. Col. 9: Estimated quality of the resulting spectrum. 1: very good; 2: good; 3: medium (see Fig. 3 ). 
